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[Title of the Document] Specification 
[Title of the Invention] 

PROCESS FOR PRODUCING FALSE-TWIST YARN 
[Claims : ] 

[ claim 1 ] A process for producing a polylactic acid 
false- twist yarn from un-drawn polylactic acid filaments having 

birefringence (An) in a range of 20 X 10~ 3 to 35 X 10~ 3 and 
a tensile strength S (g/d) and an elongation at break E (%) in 
ranges satisfying 17 ^ S X </~E «s 23 by drawing and simultaneous 

false -twisting treatment at a drawing temperature of 110°C or 
higher and a drawing ratio of 1 . 3 to 1 . 8 in the case of producing 
false- twist yarns from a raw material of mainly polylactic acid. 

[claim 2] The process for producing a polylactic acid 
false-twist yarn as claimed in claim 1, wherein the polylactic 
acid contains monomer content of 0.5 % by weight or less. 

[ claim 3 ] The process for producing a polylactic acid 
false- twist yarn as claimed in either claim 1 or claim 2 , wherein 
the polylactic acid contains an L- isomer content of 95% or more. 

[claim 4] The process for producing a polylactic acid 
false-twist yarn as claimed in any one of claim 1 to claim 3, 
wherein the polylactic acid is linear. 

[ claim 5 ] The process for producing a polylactic acid 
false-twist yarn as claimed in any one of claim 1 to claim 4, 
wherein the polylactic acid has a relative viscosity of 2.7 to 
3.9. 

[ claim 6 ] The process for producing a polylactic acid 
false-twist yarn as claimed in any one of claim 1 to claim 5, 
wherein the polylactic acid has an Sn (tin) content of 30 ppm 
or less. 

[OOOI] 
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[Technical Field of the Invention] 

The present invention relates to a process for producing 
a biodegradable synthetic fiber. 
[0002] 
[Prior Art] 

Multifilament fiber materials presently most widely used 
are synthetic resins of polyesters such as polyethylene 
terephthalate and polyamides such as nylon 6, nylon 66. 
[0003] 

Although synthetic resins are advantageous in that they 
can economically be produced in mass production, they have 
problems relevant to disposal methods after being used. That 
is, fibers produced from the above -described synthetic resins 
are scarcely decomposed and possible to generate high 
combustion heat when being incinerated. 
[0004] 

Therefore, recently polycaprolactone, polylactic acid or 
the like has been proposed to be used for fibers. Surely, these 
synthetic resins are advantageous in a point that they have 
biodegradability, however, they are rather problematic in 
practical usability as compared with a conventional (non- 
biodegradable) synthetic resin. 
[0005] 

Before, to produce polylactic acid-based biodegradable 
fibers, a conventional method comprising drawing step after 
spinning at a low speed, 3,000 m/min or less, has been employed 
as a process for producing fibers . For example , Japanese Patent 
Application Laid-Open No. 7-216646 and Japanese Patent 
Application Laid-Open No. 7-133569 disclose a method for 
obtaining oriented fibers by winding un-drawn polylactic acid 
fibers spun at 1,000 m/min or less and then subjecting to a 
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drawing step. 
[0006] 

However, regarding polylactic acid false-twist yarns, no 
fiber has been obtained therefrom which has physical properties 
and workability as excellent as those of fibers produced from 
raw materials of conventional (non- biodegradable) synthetic 
resins . 
[0007] 

[Problems to be Solved by the Invention] 

The present invention aims to provide a process for 
producing biodegradable false- twist yarns having physical 
values of such as strength, elongation, and the like as high 
as those of polyester, nylon false- twist yarns based on the 
examinations of drawing and false-twisting steps using 
polylactic acid false-twist yarns with specified physical 
properties . 

[0008] 

[Means for Solving the Problems] 

That is, the invention provide a process for producing 
a polylactic acid false-twist yarn from highly oriented and 
un-drawn polylactic acid filaments having birefringence ( A 

n) in a range of 20 X lo~ 3 to 35 X lo*" 3 and a tensile strength 
S (g/d) and an elongation at break (%) in ranges satisfying 17 
ss S X /"e ^ 23 by drawing and simultaneous false- twisting 

treatment at a drawing temperature of 110°C or higher and a 
drawing ratio of 1.3 to 1.8 in the case of producing false- 
twist yarns from a raw material of mainly polylactic acid. 
[0009] 

[Preferred Embodiments of the Invention] 

The filaments used for the invention are false-twisting 
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having a specified value of the birefringence (An) and an 
elongation at break E and a tensile strength S satisfying a 
specified relation. In order to obtain false- twist yarns with 
such specified physical properties, it is preferable to examine 
polylactic acid to be a raw material. 

[0010] 

A polylactic acid to be employed in the invention is those 
produced from a raw material selected from L-lactic acid, 
D-lactic acid; a dimer such as L-lactide and D-lactide; and 
mesolactide . 

[0011] 

A polylactic acid to be employed in the invention is 
preferable to have a linear structure. That is, preferable one 
is those which scarcely have a branched structures . In the idea 
ever proposed, a slight amount of a branching agent has been 
added at the time of polymerization of polylactic acid for the 
purpose to improve the melt viscosity and the polymerization 
degree. However, in the case of production of a polylactic acid 
fiber, inventors of the invention have confirmed that the 
branched structure of a raw material resin causes a rather 
significantly negative effect on the spinning workability as 
compared with a common polyester fiber. That is, if a linear 
polylactic acid is used, fibers with high tensile strength can 
be obtained and therefore, it is preferable. 
[0012] 

In order to eliminate the branched structure, it is 
better to use no trivalent or tetravalent alcohol and carboxylic 
acid at all, which possibly form a branched structure, as a raw 
material of the polymer, and even if using components having 
such a structure because of any other reasons, it is important 
to suppress the use to the minimum necessary limit so as to avoid 
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the undesirable effect on the spinning workability, 
[0013] 

Also, the polylactic acid is preferable to contain L- 
isomer content of 95% or more, more preferably 98% or more. The 
polylactic acid containing L-isomer at 95% ratio or more is easy 
to be oriented crystallization in the spinning and drawing step 
and the physical properties of the fibers obtained therefrom 
are improved. Especially, tensile strength is improved and the 
shrinkage value by boiling water can be suppressed and therefore 
it is preferable. 
[0014] 

The polylactic acid to be employed for the invention is 
necessary to have an Sn content of preferably 30 ppm or less 
in the polymer and more preferably 20 ppm or less. Although 
an Sn-based catalyst is used as a polymerization catalyst for 
polylactic acid, if Sn exists in a large quantity, 
depolymerization takes place at the time of spinning and the 
filtration pressure of a spinneret increases within a short time 
to result in considerable deterioration of the spinning 
workability. If the content is 30 ppm or less, no such a 
phenomenon is observed. 
[0015] 

In order to suppress the amount of Sn, the use amount at 
the time of polymerization may be decreased or a chip may be 
washed with a proper liquid. 
[0016] 

The polylactic acid to be employed for the invention has 
a monomer content of preferably 0.5 % by weight or less, further 
preferably 0.3 % by weight or less, and especially preferably 
0.2 % by weight or less. The monomer referred as to in the 
invention is a component having a molecular weight of 1,000 or 
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less calculated by GPC analysis of which description will be 
given later. The monomer content has a correlation with the 
heat resistance of the polylactic acid and if the monomer 
content 0.5 % by weight or less, the polylactic acid shows 
excellent heat resistance and consequently, break at the time 
of the spinning and drawing step can be suppressed. 
[0017] 

In order to decrease the monomer content in the polylactic 
acid, those to be carried out are a method for removing an 
unreacted monomer by vacuum evacuation of a reaction tank 
immediately before completion of the polymerization reaction; 
a method for washing polymerized chips with a proper liquid; 
a method for carrying out solid-phase polymerization, and the 
like. 

[0018] 

The polylactic acid to be employed for the invention has 
the relative viscosity (flrel) of preferably 2.7 to 3.9. The 
relative viscosity has a significant correlation with the heat 
resistance of the polymer and if within the range, the polymer 
is excellent in heat resistance and therefore, it is preferable. 
[0019] 

The decrease ratio of the relative viscosity by spinning 
is more desirable to be lessand for example, in the case of a 
multifilament, the viscosity decrease ratio is preferably 7% 
or less for the polymer. That is because if it is 7% or less, 
decomposition of the polymer at the time of spinning scarcely 
takes place and no yarn breakage occurs at the time of spinning 
to result in a good spinning property and particularly high 
tensile strength in a drawing and false- twisting step. 
[0020] 

Generally, the tensile strength of the false- twist yarns 
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is 2.8 g/d or more. If it is 2.8 g/d or less, the false- twist 
yarns are broken and practical use is impossible. 
[0021] 

Further, the false- twist yarns are required to have the 
stretch recovery of generally 10% or more. Those with the 
stretch recovery of lower than the value are inferior in bulky 
property and not advantageous as the false-twist yarns. 
[0022] 

Further, the shrinkage of the false -twist yarns by 
boiling water is generally preferable to be 12% or less. If 
12% or less, the size stability is excellent at the time of heat 
setting after weaving and knitting. 
[0023] 

The process for producing of the invention will be 
described. The false-twist yarns of the invention are required 
to be produced from highly oriented and un-drawn polylactic acid 

filaments with birefringence (An) in a range of 20 x 10 to 

35 x 10" 3 and a tensile strength S (g/d) and an elongation at 
break E (%) in ranges satisfying 17 <; S x V^E <; 23. 
[0024] 

A polylactic acid fiber is inferior in heat resistance 
as compared with other synthetic fibers, and therefore in the 
case of un-drawn polylactic acid yarns with a birefringence ( A 

n) of lower than 20 x 10" 3 and a S x >Te value of lower than 
17, filaments are melted in the drawing and false-twisting step 
to result in unstability of workability. On the other hand, 
in the case of highly oriented and un-drawn polylactic acid 

yarns with a birefringence (An) of higher than 35 x 10" 3 and 
a S x >Te value of exceeding 23, yarns with sufficient physical 
properties cannot be obtained owing to the high orientation. 
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[0025] 

In the invention, the heater temperature is required to 

be 110°C or higher at the time of the drawing and simultaneous 

false- twisting step. If lower than 110°C, it becomes 
impossible to obtain the false-twist yarns with sufficiently 
excellent physical properties. 
[0026] 

The drawing ratio is required to be 1.3 to 1.8 times at 
the time of the drawing and simultaneous false- twisting step. 
If it is lower than 1.3 times, sufficiently excellent physical 
properties cannot be obtained and if it is higher than 1 . 8 times , 
filaments break takes place to make practical production 
impossible. 
[0027] 

The false -twisting machine to be used in the invention 
may be any type such as a belt type, a pin type, a friction type 
or the like. 
[0028] 

Incidentally, other polymers may be used in combination 
within a range unless they deteriorate the above -described 
physical properties, however in the case of producing the 
biodegradable false-twist yarns, polymer raw materials with 
biodegradability are preferable to be used. 
[0029] 

[Effects of the Invention] 

If polylactic acid false- twist yarns are produced by 
employing the false- twisting method of the invention, the 
production can provide biodegradable false -twist yarns with 
sufficiently proper physical properties in terms of practical 
use . 

[0030] 
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[Examples] 

Hereinafter, the invention will be described more 
particularly along with examples. At first, analysis methods 
of physical properties of polymers will be described. 

[0031] 
<Monomer content > 

A sample was dissolved in chloroform to have a 
concentration of 10 mg/m. Using chloroform as a solvent, Mw 
and Mn were measured by GPC analysis. An RI was employed as 
a detector and polystyrene was used as a molecular weight- 
standardized substance. 

The monomer content in a polymer was calculated based on 
the ratio of a component with 1,000 or less molecular weight. 
[0032] 

<Relative viscosity 7?rel> 

A sample was dissolved in a solvent mixture of 
phenol/tetrachloroethane = 60/40 (weight ratio) to be at 1 g/dl 

concentration and the relative viscosity was measured at 20°C 
using a Ubbelohde's viscometer. 
[0033] 

<Viscosity decrease ratio at the time of spinning> 

The decrease ratio was measured by measuring the relative 

viscosity ( 7]rel) of multifilaments coming out a spinning nozzle 

and carrying out calculation according to the following 

expression. The lingering duration of a melted polymer in this 

example was about 10 minutes. 

Viscosity decrease ratio (%) at the time of spinning = 

{(polymer's relative viscosity - filament's relative 

viscosity) /polymer relative viscosity} x 100 
[0034] 

<Sn content> 
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A sample in an amount of 0.5 g was wet-ashing by sulfuric 
acid/nitric acid. The resulting ash was diluted with water to 
be 50 mL of a solution and subjected to ICP emission 
spectrophotometry . 
[0035] 

Measurement of strength and elongation> 

Using a tensile strength testing apparatus manufactured 
by Shimadzu Corporation, a tensile strength test was carried 
out and the breaking tenacity was defined as tensile strength 
and elongation at break as elongation. 
[0036] 

<Stretch recovery ratio> 

The stretch recovery ratio was calculated by producing 
a small hank with a length of 40 cm and turns of 10 in number 
while applying an initial load of 1/10 g of the displayed linear 
density to a sample, immersing the resulting hank in water at 

20 ± 2°C for 3 minutes while applying heavy load of 20 x 1/10 
g of the displayed linear density, measuring the hank length 
(a) and successively measuring the hank length (b) again after 
the heavy load was released and the hank was left for 2 minutes, 
and carrying out calculation according to the following 
expression. 

Stretch recovery ratio (%) = (a - b)/a x 100. 
[0037] 

Contraction ratio in boiling water) 

Using a sizing reel with a frame circumference of 100 cm, 
a small hank with turns of 10 in the number was produced while 
being burdened with an initial load (1/10 g) and immersed in 
water (at a normal temperature) while being load with 1/10 x 
20 g per a denier and the length after 8 (L0) minutes was 
measured. 
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Then, the hank was taken out of water and twisted double 
in an 8 -shape and further twisted in an 8 -shape and then, the 
hank was again immersed in water (at a normal temperature) and 
burdened with 1/10 x 20 g per a denier and the length (LI) of 
the resulting sample was measured after 8 minutes and the 
shrinkage ratio in boiling water was measured by the following 
equation: 

Shrinkage ratio in boiling water (%) = (L0 -L1)/L0 x 100. 
[0038] 
<Fluff > 

The occurrence of fluff of a yarn roved by drawing was 
evaluated by the following two-level standards ( , x) . 

; No fluffing found 
x; Fluffing found 

[0039] 

[Polymerization of polymer] 

A polylactic acid was obtained by polymerization by a 
standardized method using L-lactide, D-lactide as raw materials 
and tin octylate as a polymerization catalyst . For comparison, 
polymerization was carried out by adding 0 . 1 mol % of 
trimellitic acid as a cross-linking agent. The obtained 

polymers were subjected to solid-state polymerization at 135°C 
to lower the amount of residual monomer , however some were not 
subjected to the solid-phase polymerization. 
[0040] 

Examples 1 to 4 and comparative examples 1 to 10 

The respective polylactic acid polymers were melted at 
a prescribed temperature and spun out of a spinneret with a 
diameter of 0.3 mm and roved at a spinning speed of 3,800 m/min 
and then subjected to drawing and simultaneous false-twisting 
process to obtain false-twist yarns with 75 d/24 f . 
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The machine employed as the drawing and simultaneous 
false- twisting machine was 33H Mach Crimper manufactured by 
Murata Manufacturing Co., Ltd. 
[0041] 

As being shown as example data in Table 1 to Table 3 , those 
produced in the conditions defined by the invention were found 
having excellent physical properties. On the other hand, as 
shown in comparative examples 1 to 7, no false-twist yarn was 
produced from un-drown filaments with An, S, E values out of 
the ranges defined by the invention. 
[0042] 

Further, as being shown in the comparative examples 8 to 
10, no false- twist yarn with sufficient physical properties 
could not obtained either in the case the conditions of drawing 
and false-twisting process were out of the ranges of the 
invention. 
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[0043] 



[Table l] 





Example 


Comparative 
Example 


WO 


J. 


9 

C, 




i 

A. 


2 


Sn content (ppm) 


18 


19 


62 


26 


17 


Polymer's relative viscosity ( 7?rel) 


2 .92 


3 . 02 


2 . 94 


2 . 93 


i no 


Monomer content (% by weight) 


*> AC 

3 • 4o 


C\ Q Q 


V . Z 4 


\J . ZD 




Branched structure 


None 


None 


None 


None 


None 


L- isomer (%) 


99.0 


98.5 


98.7 


98.7 


98.6 


Spinning temperature (°C) 


230 


230 


Z JO 


Z JU 


ZoV 


Spinning viscosity decrease ratio 
(%) 


20.3 


10.0 


17.6 


5.0 


3.6 


Un- 
drawn 
filam 
ent 


Tensile strength (g/d) 


1.76 


2.12 


2.00 


2.35 


2.40 


Elongation at break(%) 


62 . 3 


60 . 3 


61 . 7 


61.6 


59 . 6 


An 


0.016 


0.018 


0.018 


0.024 


0.02 
8 


s/~ E 


15.7 


16.5 


15.7 


18.4 


18.5 


Fluff 


X 


X 


X 






False 

twist 
yarn 


Drawing and false -twisting 
ratio 


1.5 


1.5 


1.5 


1.5 


1.5 


Temperature (°C) of a heater 


130 


130 


130 


130 


130 


Tensile strength (g/c) 


2.00 


2.30 


2.31 


3.02 


3.04 


Shrinkage ratio by boiling 
water (%) 


10.6 


11.2 


10.8 


9.8 


9.8 


Stretch recovery ratio (%) 


10.2 


11.5 


11.8 


13.6 


14.1 


Fluff 


X 


X 


X 
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[0044] 



[Table 2] 





Comparative Example 


No 


4 


5 


6 


7 


8 


9 


10 


on content ippm; 


19 


18 


20 


16.0 


16.0 


16.0 


16.0 


Polymer ' s relative 
viscosity ( 7? rel ) 


3.04 


2.58 


4.02 


3.04 


3.03 


3.03 


3.03 


Monomer content (% by 
weight ) 


0.26 


0.25 


0.24 


0.26 


0.26 


0.26 


0.26 


Branched structure 


Yes 


None 


None 


None 


None 


None 


None 


L- isomer (%) 


99.0 


98.7 


99.0 


94.7 


98.9 


98.9 


98.9 


Spinning temperature (°C) 


230 


230 


245 


230 


230 


230 


230 


Spinning viscosity 
decrease ratio (%) 


6.0 


8.0 


15.0 


5.0 


4.0 


4.0 


4.0 


Un- 
drawn 
f ilamen 
t 


Tensile strength 
(g/d) 


2.15 


2.00 


2.13 


2.13 


2.56 


2.56 


2.56 


Elongation at 
break(%) 


59.0 


60.0 


61.0 


58.0 


59. 7 


59.7 


59.7 


An 


0.019 


0.016 


0.019 


0.017 


0.017 


0.017 


0.017 


S</~ E 


16.5 


15.4 


16.6 


16.5 


19.7 


19.7 


19.7 


Fluff 




X 


X 










Drawing and false- twisting 
ratio 


1.5 


1.5 


1.5 


1.5 


1.2 


1.5 


2.0 


Temperature (°C) of a 
heater 


1 

-LOU 








1 Oft 




1 JU 


False- 
twist 
yarn 


Tensile strength 

(g/c) 


2.34 


2.17 


2.22 


2.54 


2.60 


2.58 


2.50 


Shrinkage ratio 
by boiling water 
(%) 


10.6 


9.8 


9.8 


20.4 


9.8 


13.6 


9.6 


Stretch recovery 
ratio (%) 


10.6 


13.0 


13.4 


14.4 


12.4 


8.4 


12.4 


Fluff 




X 


x 
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[0045] 
[Table 3] 





Example 


No 


3 


4 


Sn content (ppm) 


X 0 




Polymer's relative viscosity (7?rel) 


3.05 


2.94 


Monomer content (% by weight) 


0. 15 


0.13 


Branched structure 


Yes 


Yes 


L- isomer (%) 


99.0 


98.7 


Spinning temperature (°C) 


230 


230 


Spinning viscosity decrease ratio (%) 


5.2 


5.0 


Un- drawn 
filament 


Tensile strength (g/d) 


2.54 


2.60 


Elongation at break(%) 


58. 9 


60.0 


An 


0.025 


0.024 


S^ E 


19 . 5 


20 . 1 


Fluff 






Drawing and false-twisting ratio 


1.5 


1.5 


Temperature (°C) of a heater 


130 


130 


False-twist yarn 


Tensile strength (g/c) 


3.05 


2.98 


Shrinkage ratio by 
boiling water (%) 


10.6 


10.8 


Stretch recovery ratio 
(%) 


15.6 


14.6 


Fluff 







J 
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[Title of the Document] Abstract 
[Abstract] 

[Purpose] To provide a production method of polylactic acid 
false-twist yarns. 

[Means for Solution] The invention provides a process for 
producing a polylactic acid false -twist yarn from un- drawn 
polylactic acid filaments having birefringence (An) in a range 
of 20 X io" 3 to 35 X io" 3 and a tensile strength S (g/d) and 
an elongation at break E (%) in ranges satisfying 17 <s S X 7" 
E ^ 23 by drawing and simultaneous false-twisting treatment 

at a drawing temperature of 110°C or higher and a drawing ratio 
of 1.3 to 1.8 in the case of producing false-twist yarns from 
a raw material of polylactic acid. 
[Selected Drawing] None 
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